Introduction: Diabetic peripheral neuropathy (DPN) is one of the most common complications of diabetes and has been associated with cardiovascular disease, the
leading cause of mortality in diabetes. As asymptomatic myocardial ischemia (MI) is frequent in diabetes, we hypothesized that DPN may be associated with MI in patients with type 2 diabetes mellitus and no history of cardiovascular events. Methods: Eighty-two patients with DPN (n = 41) or without DPN (n = 41) were included. Among the DPN group, 15 had active foot ulcers. All subjects underwent Technetium-99 m sestamibi single-photon emission computed tomographic imaging for the estimation of myocardial ischemia, expressed as Summed Stress Score (SSS). The Neuropathy Disability Score (NDS) was used to quantify DPN and abnormal ratio of the longest electrocardiographic RR interval between the 28th and 32nd beats, after standing to the shortest interval between the 13th and 17th
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Electronic supplementary material The online version of this article (doi:10.1007/s12325-016-0399-1) contains supplementary material, which is available to authorized users. beats (RR ratio) was used as an index of cardiovascular autonomic neuropathy (CAN). Results: Abnormal SSS was observed in 9.8% of patients without DPN and in 46.3% of patients with DPN (p\0.001). In the multivariate analysis, NDS was the strongest predictor for SSS (b = 0.32, p = 0.003). When excluding patients with abnormal RR ratio (b = 0.32, p = 0.003) or with foot ulcers (b = 0.24, p = 0.04), this association remained significant. The RR ratio was also significantly associated with SSS in univariate (q = -0.30, p = 0.005) and multiple regressions (b = 0.24, p = 0.02). [2] . Diabetes is a pivotal cause of asymptomatic myocardial ischemia (MI) even in the absence of coronary artery disease [3] . Therefore, early identification of patients with DM at high risk for asymptomatic MI consists of a significant challenge. Evidence suggests an association between cardiovascular autonomic neuropathy (CAN) and an increase in overall mortality or silent myocardial ischemia [4, 5] . Although DPN has recently been shown to be associated with incident cardiovascular events [6, 7] , the relationship between DPN and MI has never been established.
Conclusions
We hypothesized that DPN may be associated with MI in patients with type 2 DM (T2DM) and no history of cardiovascular events.
This association could provide additional information on the link between the risk of cardiovascular disease (CVD) and T2DM, and be useful to better identify patients at risk of MI. [9]. Additionally, the percentage of ischemia was estimated for each patient, as described in the European Association of Nuclear Medicine guidelines [10] . Patients were instructed to fast for a minimum of 4 h and withhold beta-blockers, calcium channel blockers, nitrates, methyl-xanthene containing drugs and caffeinated foods and beverages for at least 24-48 h prior to the examination [10] . DPN was evaluated with the neuropathy disability score (NDS) by testing the sensations of pain, touch, cold, and vibration in both legs of each patient and assigning a score according to the level of impaired sensation. An NDS score C5 was indicative of DPN [11] . Additionally, the group without DPN was determined based on a negative 10-g monofilament test [12] . The ratio of the longest electrocardiographic RR interval between the 28th and 32nd beats after standing to the shortest interval between the 13th and 17th beats (RR ratio) and orthostatic hypotension were used as markers of CAN. One observer calculated the RR ratio. Abnormal autonomic function was defined as a loss of heart rate variability with an RR ratio of less than 1.04, postural hypotension with a fall in systolic blood pressure of 20 mmHg or more, or both [7] . Peripheral arterial disease was diagnosed with the ankle-brachial index (ABI), with a technique that has been previously described, and the results were considered pathological when the values were\9 or[1.3 [13] . Sensitivity analyses removing patients with abnormal RR ratio or without ulcers yielded to similar results, with NDS significantly associated with SSS (b = 0.32, p = 0.003 and b = 0.24, p = 0.04, respectively) (supplementary Table S1 ). The AUC of the ROC curve was 0.76 (95% CI, 0.65-0.86; p\0.001). The cutoff point of the NDS for which sensitivity and specificity are optimal was 5, i.e. the threshold value that is commonly accepted as indicative of DPN. The RR ratio was also significantly associated with SSS in univariate (q = -0.30, p = 0.005) and multiple regressions (adjusted R 2 = 0.18, b = 0.24, p = 0.02) (supplementary Table S2 ). Orthostatic hypotension was diagnosed only in 3 (3.4%) patients with DPN.
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DISCUSSION
Large cohort studies have established the relationship between DPN and cardiovascular risk factors [7] or events [6] . However, the mechanisms behind this link are still not clear, as recently published endothelial dysfunction occurs early in the pathophysiology of diabetes and could be a potential link between cardiovascular risk factors and DPN [14] . In the present study, we further show that DPN is strongly associated with asymptomatic MI assessed with Technetium-99 m sestamibi SPECT imaging in T2DM patients who were free of cardiovascular events, independently from other risk factors as was shown in the regression analysis. Moreover, AUC of the ROC curve showed a fair to good performance of the NDS to discriminate patients with ischemia.
We would like to point out that, interestingly, the Detection of Ischemia in Asymptomatic Diabetics (DIAD) study did not find any association between peripheral neuropathy and MI using the same technique. This discrepancy might be explained by the use of differing methods of testing and evaluating DPN in our study. The DIAD study used the presence of two or more signs and symptoms of diabetic neuropathy. Although a trend towards higher frequency of DPN was observed among patients with moderate-to-large stress perfusion abnormality, it was not significant [4] . Using continuous scales (i.e. DPN and SSS) might have provided us with more sensitivity to detect this relationship. Another explanation could be the duration of diabetes as the average duration of diabetes was shorter [7] . A significant correlation between the RR ratio and MI was observed in the univariate and multivariate analyses. This finding is in compliance with numerous studies stressing an association between CAN in early stages and increased overall mortality or silent myocardial ischemia [4, 5] . The Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial suggested the role of CAN as a possible predictor for CVD mortality [5] .
Interestingly, sensitivity analysis after removing patients with abnormal RR ratio did not affect the main finding of our study. This suggests that the association between diabetic neuropathy and MI exceeds autonomic neuropathy. DPN had previously been associated with increased incidence of CVD [6] . Although the link between these two conditions has not been fully elucidated, they probably share similar pathophysiological pathways. Indeed, DPN, which is traditionally counted among microvascular complications, might be caused by neuronal cells abnormalities, such as oxidative or inflammation stress [15] that also affect the endothelium.
One limitation of the present study is that we only included 15 patients with ulcers and we did not reach statistical significance when assessing the effect of both DPN (OR = 3.88, 0.97-15.4; p = 0.054) and ulcers (OR = 3.73, 0.87-161; p = 0.077) on abnormal SSS, probably because of a lack of power. Although proper sample size calculation could not be done a priori considering that the variables to be included in the multivariate analysis (primary endpoint) were not known, our final sample provided satisfactory power if we consider the rule of thumb of a minimum of 10 participants required per variable included in the model. Additionally, the trend we observed is consistent with the 2.2 increase in relative risk of fatal MI in patients with ulcers [2] confirming other studies [16] . This could be partly due to increased chronic inflammation, which is involved in the development of atherosclerosis in these patients [2] . Yet, removing patients with active ulcers from analysis did not significantly change the main conclusion. Another limitation is that this study is cross-sectional and the absence of follow-up does not allow us to draw definitive conclusions on any causal relationship between factors.
Finally, the diagnosis of DPN is observer-dependent and could be prone to subjectivity. In order to decrease the risk of objective bias, the same experienced physician, prior to SPECT imaging, performed the DPN assessments.
CONCLUSIONS
In conclusion, the present study indicates that, besides autonomic neuropathy, DPN is strongly associated with asymptomatic MI. This suggests that NDS could be a useful tool to appraise the risk of early cardiovascular complications among diabetic patients, and needs to be further evaluated in larger-scale prospective studies. 
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